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			Abstract |The research was conducted to study the effect of Cysteamine Hydrochloride (CSH) Supplementation on nutrients digestibility in Beetal bucks. The CSH is a feed additive that increases the baseline growth hormone level by decreasing the somatostatin level. A total of Twenty-four Beetal bucks, aged 12±1 months, with an average body weight of 30±5 kg, were selected and distributed among 04 treatments in a completely randomized design under 2 × 2 factorial arrangements. There were two roughage levels with concentrates (80% and 20%) and two dietary levels of CSH (0 and 80 mg/kg/head/day). Digestibility of dry matter (DM), crude protein (CP), and ether extract (EE) were calculated using total tract digestibility. Results indicated that CSH supplementation (80 mg/kg) significantly improved (P < 0.05) the digestibility of crude protein (CP) by 2.87%, ether extract (EE) by 5.98% and NDF by 5.65% in bucks fed a high concentrated diet, compared to those fed non-supplemented diets. It was concluded that CSH supplementation with roughage: concentrates (20:80) resulted in increased digestibility of CP, EE and NDF which can improve the growth performance, reduce nutrients loss and decrease the production cost in Beetal bucks.
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			Introduction

			Nutritional and genetic improvement are used to increase the efficiency of feed and turn it into valuable animal products while minimizing nutrients loss and greenhouse gases emissions in the environment (Velazco et al., 2014). Hormonal modification through feed additives is one of the methods to improve growth, nutrients uptake, and gain maximum output from the animals. Direct injection of exogenous hormones has been banned, whereas, indirect enhancement of growth hormone (GH) levels via certain regulatory mechanisms has become a research focus.

			According to existing research exogenous CSH quickly and selectively inhibits the activity of somatostatin (SS) in mice, rats, and sheep and increases the baseline level of GH and other hormones suppressed by SS, improves digestive tract peristalsis, enzyme production and thereby improves feed utilization (Sagar et al.,1982; Barnett and Hegarty 2014). Researchers have discovered that CSH supplementation improves the performance of bucks by regulating the levels of a hormone known as somatostatin in their bloodstream (Bin et al., 2003). This leads to various beneficial effects, including better utilization of feed, improved digestion of dry matter, increased production of microbial proteins in the rumen, and enhanced growth rates, wool/fur production, and milk production (Bin et al., 2003).

			NDF is a major factor in forage-based diets. It reduces feed intake through its gut filling effect and low passage rate, which limits the DMI. This results in low supply of nutrients to meet their requirements of highly growing animals and low growth rates (Pinho et al., 2018). This lower DMI results in poor growth rates and requires an extended period to reach the targeted market weight (Bahtti 2013). An intensive production system offers feed with a low forage-to-concentrate ratio, which increases the passage rate due to its small particle size and low NDF. Consequently, there is a need to increase the digestibility of the nutrients through increased gastrointestinal track secretions. The objective of the current study is to evaluate the effects of CSH supplementation on nutrient digestibility in Beetal bucks fed different forage-to-concentrate ratios.

			Materials and Methods

			The study was carried out at the Small Ruminant Research and Training Centre, University of Veterinary and Animal Sciences, Ravi campus, Pattoki, Pakistan. All the procedures in this experiment were under the recommendations of the ACUC, (Animal Care and Use Committee) UVAS, vide letter no. DR/172. The experimental duration was 20 days, excluding the 14-day adjustment and deworming period. Bucks were vaccinated against clostridium diseases (Enterotoxemia vaccine, Veterinary Research Institute, Lahore, Pakistan). In total, 24 Beetal bucks were selected with an age of 12±1 months and a body weight of 30±5 kg and divided into 4 treatment groups (n = 6/treatment) in a completely randomized design under 2×2 factorial arrangements of treatment with 2 levels of roughage: concentrate (20 and 80%) and 2 levels of CSL (0 and 80 mg/kg/head). Dietary treatments were T1 = 80:20 roughage to concentrate ratio (R:C) without CSH supplementation, T2 = 80:20 R:C with CSH supplementation 80 mg/kg BW per day, T3 = 20:80 R:C without CSH supplementation, and T4 = 20:80 R:C with CSH supplementation 80 mg/kg BW per day. The bucks were offered feed twice daily at 8:00 am and 6:00 pm. Clean and fresh water was provided on ad libitum basis to the animals throughout the trial. Animals were fed at individual stalls.

			Table 1: Ingredient and chemical composition of TMR on Dry matter basis.

			
				
					
					
					
					
					
				
				
					
							
							Ingredients (%)

						
							
							T1

						
							
							T2

						
							
							T3

						
							
							T4

						
					

					
							
							Oat silage

						
							
							80.0

						
							
							80.0

						
							
							20.0

						
							
							20.0

						
					

					
							
							Maize grain

						
							
							2.0

						
							
							2.0

						
							
							54.8

						
							
							54.8

						
					

					
							
							Soybean meal

						
							
							14.0

						
							
							14.0

						
							
							15.0

						
							
							15.0

						
					

					
							
							Molasses

						
							
							2.0

						
							
							2.0

						
							
							8.0

						
							
							8.0

						
					

					
							
							Mineral Mixture*

						
							
							0.8

						
							
							0.8

						
							
							1.0

						
							
							1.0

						
					

					
							
							Limestone

						
							
							0.2

						
							
							0.2

						
							
							0.5

						
							
							0.5

						
					

					
							
							Soda bicarb

						
							
							1.0

						
							
							1.0

						
							
							1.0

						
							
							1.0

						
					

					
							
							CSH supplementation

						
							
							--

						
							
							80 mg/kg BW

						
							
							--

						
							
							80 mg/kg BW

						
					

					
							
							Total

						
							
							100

						
							
							100

						
							
							100

						
							
							100

						
					

					
							
							Composition (%)

						
					

					
							
							DM

						
							
							41.86

						
							
							41.86

						
							
							74.63

						
							
							74.63

						
					

					
							
							CP

						
							
							14.83

						
							
							14.83

						
							
							14.89

						
							
							14.89

						
					

					
							
							Energy Mcal/kg

						
							
							2.52

						
							
							2.52

						
							
							2.67

						
							
							2.67

						
					

					
							
							NDF

						
							
							45.05

						
							
							45.05

						
							
							24.84

						
							
							24.84

						
					

					
							
							NFC

						
							
							41.10

						
							
							41.10

						
							
							59.73

						
							
							59.73

						
					

					
							
							Ca

						
							
							0.66

						
							
							0.66

						
							
							0.62

						
							
							0.62

						
					

					
							
							P

						
							
							0.45

						
							
							0.45

						
							
							0.46

						
							
							0.46

						
					

				
			

			*Each kg mineral mixture contains Vitamin A 250,000 IU, Vit D3 30,000 IU, Vit E 1500 IU, Calcium 270g, Magnesium 75g, Toxin binder 50g, Iodine 5mg, Cobalt Glucohepatonate 0.9mg, Iron 5000mg, Copper 45mg, Copper methionine 7.8mg, Manganese 875mg, Manganese Methionine 12.5mg, Zinc 875mg, Zinc Methionine 22.5mg, Selenium 5mg, and Chromium Methionine 0.5mg.

			T1: 80:20 R:C*; T2: 80:20 R:C with 80mg/kg BW CSH; T3: 20:80 R:C; T4: 20:80 R:C with 80mg/kg BW CSH; *Roughage to Concentrate ratio.

			Feeds were prepared to meet the nutrient requirements of small ruminants: sheep, goats, cervids, and new world camelids (Ruminants et al., 2007). The chemical composition of total mixed rations (TMR) and feed ingredients are presented in Table 1. Fortreatments T1 and T2, i.e., a high roughage diet in 

			Table 2: Effect of cysteamine hydrochloride on nutrient digestibility in Beetal bucks.

			
				
					
					
					
					
					
					
					
					
					
				
				
					
							
							Digestibility (%)

						
							
							Treatments

						
							
							SEM

						
							
							P-value

						
					

					
							
							T1

						
							
							T2

						
							
							T3

						
							
							T4

						
							
							Additive

						
							
							R:C

						
							
							Additive*R:C

						
					

					
							
							DM

						
							
							68.24

						
							
							71.78

						
							
							74.77

						
							
							75.43

						
							
							1.27

						
							
							0.1248

						
							
							0.0017

						
							
							0.2780

						
					

					
							
							CP

						
							
							78.25c

						
							
							80.44b

						
							
							81.13b

						
							
							84.01a

						
							
							1.06

						
							
							0.0156

						
							
							0.0004

						
							
							0.3173

						
					

					
							
							EE

						
							
							77.84b

						
							
							82.50a

						
							
							78.45b

						
							
							82.86a

						
							
							1.91

						
							
							0.0057

						
							
							0.7267

						
							
							0.9277

						
					

					
							
							NDF

						
							
							52.37c

						
							
							51.01bc

						
							
							54.03ac

						
							
							54.57a

						
							
							0.95

						
							
							0.6749

						
							
							0.0184

						
							
							0.3409

						
					

				
			

			DM: dry matter, CP: crude protein, EE: ether extract, NDF: neutral detergent fiber.

			which 80% of the requirements of the animal were met through forages and 20% were met through concentrate feed. While in T3 and T4, i.e., the low-roughage diet, 20% of the requirements were met through forages and the remaining 80% were through concentrated feeding. In T1 and T3, there was no CSH supplementation, while T2 and T4 were supplemented with CSH 80 mg/kg BW per day. 

			At the last 6 days of trial, the total fecal collection was performed in order to calculate nutrient digestibility of DM, CP and EE by using total tract digestibility method. The animals were placed in individual feeding stalls and digestibility experiment was performed. Every day, the total amount of feed intake and fecal output were weighed and noted, and 100 g of the total day-to-day feces for 6 days were stored at -20°C until further examination (Blanco et al., 2014). The apparent nutrient digestibility was determined using the following formula:

			Digestibility of nutrient (%) = [Nutrient in feed − Nutrient in feces / Nutrient in feed] × 100

			Chemical analysis

			Feed and fecal samples from the experiment were analyzed for dry matter (DM) following AOAC (1995) method no. 945.15, ether extract (EE) using method no. 920.29, and crude protein (CP) via method no. 984.13 (AOAC, 1995). Individual feed ingredients and formulated feed samples were initially ground using a Willey mill (Arthur H. Thomas Co.), with particles passing through a 2-mm screen and then further ground with a 1-mm screen in the Cyclone Mill (CT 293 CYCLOTEC™). These samples were subsequently dried in a hot air oven (Universal oven UF260, Memmert GmbH + Co. KG) at 105°C for 24 hours to achieve a constant weight. The ground and dried samples were then analyzed for CP, EE, and Neutral Detergent Fiber (NDF). CP determination was carried out using the micro-Kjeldahl method, while the EE was measured using an Ankom fat extractor with petroleum ether (AOAC, 1995). The NDF content in the feed and fecal samples was determined using the AOAC (1995) method.

			Statistical analysis

			Data were analyzed using the MIXED procedure of SAS (version 9.4; SAS Institute Inc.). Treatments were structured as 2 × 2 factorial arrangements with 2 levels of roughage/concentrate and 2 levels of CSH supplementation (0 or 80 mg/kg/head/day). Significant differences were declared at P ≤ 0.05 and the trend at P ≤ 0.10.

			Results and Discussion

			This study was designed to find the effects of supplementation of CSH on nutrient digestibility in Beetal bucks. Table 2 presents the effect of CSH on nutrient digestibility. The digestibility of DM did not significantly change between T1 and T2, but we observed a trend (P = 0.07) in DM digestibility. Similarly, DM digestibility between T3 and T4 was not increased significantly (P=0.72). However, there was a significant increase in CP digestibility (P = 0.05) between the T1 and T2 groups. It was increased by 2.72% in the T2 group as compared to T1. Likewise, it increased significantly by 3.43% (P = 0.01) in the T4 group as compared to T3. In the same way, digestibility of EE was also increased significantly (P = 0.03) in both supplemented groups, i.e., T2 and T4, as compared to T1 and T3 respectively. It increased by 5.65% in T2 as compared to T1 and increased by 5.32 % in T4 as compared to T3.

			The current research aimed to evaluate the effects of CSH supplementation on nutrient digestibility in Beetal bucks. It was hypothesized that dietary supplementation of CSH would positively impact the above-mentioned parameters, with a combination of CSH supplementation (80 mg/kg/head/day) and roughage levels with concentrates (20:80) being more beneficial for these parameters in Beetal bucks.

			There was a trend (P<0.10) in the digestibility of DM between T1 and T2 and a non-significant difference between T3 and T4. Findings in the current study are in line with the findings of Villar et al. (2019), who reported a non-significant difference in DM digestibility at 80 mg/kg dose of CSH. However, the present study increases (P = 0.05) the digestibility of CP in T4. These findings are in accordance with the findings of Jia-dong et al. (2006) and Fan et al. (2016), who demonstrated the ability of CSH supplementation to improve the digestibility of CP CF, NDF and overall energy in cattle. In beef cattle, diets supplemented with 30% coated CSH (20 g/day) for 63 days led to an 8.31% increase in CP digestibility and a 9.44% improvement in EE digestibility. Later authors reported an improvement in the digestibility of CP and EE, while the digestibility of NDF remained unchanged. Fan et al. (2016), also reported no significant increase in DM digestibility in CSH supplemented groups in male minks, while CP digestibility was significantly higher as compared to the control group. The use of 30% coated CSH (15 g/day) over a period of 56 days improved the digestibility of CP (by 1.97%), NDF (by 1.07%), and gross energy (by 11%) in Holstein cattle (Liu et al., 2015). Zhou et al. (2017) reported increase in apparent protein digestibility when pigs were fed diets supplemented with CSH which may possibly due to increased trypsin activity in jejunum as most of the digestion and absorption take place here. In broilers CSH supplementation at 60 and 90 mg/kg increased the activity of protease, amylase and lipase in the small intestine and pancreas (Yang et al., 2006). This could be the possible reason for the increase in the digestibility of CP and EE in present study. 

			Contradictory findings were reported by Meenongyai et al. (2023), who found no significant effect of CSH supplementation on nutrient digestibility as the major focus on digestibility at the rumen level, whereas the present study evaluated the total tract digestibility. Previous studies have shown that CSH supplementation may enhance digestive enzyme activity by inhibiting somatostatin, as reported by Sagar et al. (1982) and Barnett and Hegarty (2014). This suggests that the effects of CSH supplementation may vary depending upon the specific site of digestion being evaluated. This is because different studies have shown that CSH supplementation can enhance different GIT enzymes through its inhibitory action on somatostatin (Sagar et al., 1982; Barnett and Hegarty, 2014). 

			Conclusions and Recommendations

			A limitation of the current study was the use of adult animals. Further research is needed to study the effects of CSH supplementation on different Forage: Concentrates ratios and younger age groups.

			It is concluded that CSH supplementation (80 mg/kg/head/day) with roughage: concentrates (20:80) resulted in increased digestibility of CP, EE and NDF, which can improve the growth performance, reduce nutrient loss, and decrease the production cost in Beetal bucks.

			Acknowledgements

			This is my pleasure to have this chance to indicate profound sense of commitment to Dr. Saeed Ahmed who is currently working as Associate Professor in the Animal Nutrition Department, UVAS Ravi Campus, Pattoki for providing services as supervisor for conduction of research trial and analysis of nutrient in a central laboratory complex and departmental laboratory for nutritional analysis. 

			Novelty Statement

			The use of CSH with varying level of roughage to concentrate ratio in Beetal bucks is not studied yet. As the use of exogenous hormones in animals can adversely affect human health. By supplementation of CSH, such adverse effects can be avoided.

			Authors’ Contribution

			Muhammad Noman Tariq, Saeed Ahmed, Ghazanfar Ali Chishti: Data collection and analysis.

			Muhammad Shahbaz Zafar, Muhammad Saadullah, Muhammad Usman, Mohsin Ali and Ghulam Qadir: Prepared the first draft and finalized the manuscript. 

			All the authors have read and finalized the research paper.

			Conflict of interest

			The authors have declared no conflict of interest.

			References

			Abdel-Salam, O., Szolcsányi, J. and Mózsik, G.J. 1996. Differences in action of topical and systemic cysteamine on gastric blood flow, gastric acid secretion and gastric ulceration in the rat.. 90, 63-73. https://doi.org/10.1016/0928-4257(96)89609-4

			Allen, M.S., 1996. Physical constraints on voluntary intake of forages by ruminants. J. Anim. Sci., 74, 3063-3075. https://doi.org/10.2527/1996.74123063x

			Anonymous. 2021. Economic survey of Pakistan. Government of Pakistan, Islamabad

			AOAC, A., 1995. Official methods of analysis 16th Ed. Association of official analytical chemists. Washington DC, / USA. Sci. Educ.

			Bahtti, A. 2013. Feeding behavior, voluntary intake and digestibility of various summer fodders in sheep and goats. Pak J Zool., 45, 53-58.

			Barnett M, Hegarty R. 2014a. Cysteamine hydrochloride increases bodyweight and wool fibre length, improves feed conversion ratio and reduces methane yield in sheep. Anim. Prod. Sci., 54, 1288-1293. https://doi.org/10.1071/AN14364

			Bin, J., Cui-mei, X. and Jiang-sheng, D. 2003. Effects of cysteamine on weight gain and wool gain in female lambs. Heilongjiang J. Anim. Sci. Vet. Med., 11 (Abstract only).

			Blanco, C., Bodas, R., Prieto, N. and Andres, S. 2014. Concentrate plus ground barley straw pellets can replace conventional feeding system for light fattening animals. Small Ruminant Research.116, 137-143. https://doi.org/10.1016/j.smallrumres.2013.11.008

			Fan, Y., W. Sun, Z. Wang, H. Sun, Z. Liu, H. Wang, F. Yang and G.J.C.J.o.A.N. Li. 2016. Effects of cysteamine on performance, nutrient digestibility and nitrogen metabolism of male minks in fur development period. J-global, 28: 3337-3345 (In Chinese).

			FAO. FAOSTAT [Internet]. 2017. Food and Agriculture Organization of the United Nations; Available from: http://www.fao.org/faostat/en/ #data/QA

			Galbraith, H. 2002. Hormones in international meat production: biological, sociological and consumer issues. Nutr. Res. Rev.,15, 293-314. https://doi.org/10.1079/NRR200246

			Jia-dong, Y., Jian-guo, L., Ying, L., Yu-feng, C., Rong-chang LJCJo.AS. 2006. Effects of cysteamine on performance, nutrient digestibility and serum biochemical indices in beef cattle. 4.

			Khan, M. and Okeyo A. 2016. Judging and selection in Beetal goats. GEF-UNEPILRI FAnGR Asia Project; Univ. Agric. Faisalabad, Pak.,

			Liu-Hong, L.H., Yang-HongBo, Y.H., Zhu-JianMing, Z.J., Liang XiangHuan LX, Zhan JinShun ZJ, Lin Miao LM, Zhao GuoQi ZG. 2015. Effects of cysteamine hydrochloride on apparent nutrient digestibility, serum biochemical and antioxidant indices of lactating dairy cows.

			McLeod, K., Harmon, D., Schillo, K., Hileman, S. ,Mitchell. and Jr. G. 1995. Effects of cysteamine on pulsatile growth hormone release and plasma insulin concentrations in sheep. https://doi.org/10.1016/0305-0491(95)00109-3

			Meenongyai, W., Rasri, K., Rodjapot, K., Duangphayap, T., Khejornsart, P., Wongpanit, K., Phongkaew, P. and Abul-Bashar, I.Z. 2023. Effect of coated cysteamine hydrochloride and probiotics supplemented alone or in combination on feed intake, nutrients digestibility, ruminal fermentation, and blood metabolites of Kamphaeng Saen beef heifers. Trop Anim Health Prod. 55, 69 (2023). https://doi.org/10.1007/s11250-023-03499-2

			Nasrullah, N. 2012. Feeding behavior and Performance of sheep and goats under various feeding management system; Univ. Vet. Anim. Sci., Lahore.

			Pinho, R.M.A., Santos, E.M., de-Oliveira, J.S., de-Carvalho, G.G.P., da-Silva, T.C., Macêdo, A.J.d.S., Corrêa, Y.R. and Zanine, A.M. 2018. Does the level of forage neutral detergent fiber affect the ruminal fermentation, digestibility and feeding behavior of goats fed cactus pear? Anim. Sci. J., 89, 1424-1431. https://doi.org/10.1111/asj.13043

			Ruminants, N.R.C.C., Council, N.R., Ruminants, C., Agriculture, B.o., Earth, D.o. and Studies, L. 2007. Nutrient requirements of small ruminants: sheep, goats, cervids, and new world camelids, China Legal Publishing House. Shulkes A, Somatostatin: physiology and clinical applications. Baillière’s clinical endocrinology and metabolism 1994; 8, 215-236.

			Sagar, S.M., Landry, D., Millard, W.J., Badger, T.M., Arnold, M.A., Martin, J.B. 1982. Depletion of somatostatin-like immunoreactivity in the rat central nervous system by cysteamine. J. Neurosci., 2, 225-231. https://doi.org/10.1523/JNEUROSCI.02-02-00225.1982

			Velazco, J.I., Cottle, D. and Hegarty, R. 2014. Methane emissions and feeding behaviour of feedlot cattle supplemented with nitrate or urea. Anim. Prod. Sci., 54, 1737-1740. https://doi.org/10.1071/AN14345

			Villar L, Hegarty R, Van Tol M, Godwin I, Nolan. 2019. Dietary nitrate metabolism and enteric methane mitigation in sheep consuming a protein-deficient diet. JJAPS; 60, 232-241 https://doi.org/10.1071/AN18632

			Yang, C.M., Chen, A.G., Hong, Q.H., Liu, J.X. and Liu, J.S. 2006. Effects of cysteamine on growth performance, digestive enzyme activities, and metabolic hormones in broilers. Poultry science 85(11), 1912-1916. https://doi.org/10.1093/ps/85.11.1912

			Zhou, P., Luo, Y., Zhang, L.L.i., Zhang, B., Xing, S. and Zhou, G. 2017. Effects of cysteamine supplementation on the intestinal expression of amino acid and peptide transporters and intestinal health in finishing pigs. Anim. Sci. J. 88(2), 314-321. https://doi.org/10.1111/asj.12626

		

	OEBPS/image/1.png
OPEN aACCESS

Sarhad Journal of Agriculture

®

Check for
updates

Research Article

Effects of Cysteamine Hydrochloride Supplementation on Nutrients
Digestibility in Beetal Bucks

Muhammad Noman Tariq', Saeed Ahmed™, Ghazanfar Ali Chishti', Muhammad Shahbaz Zafar', Mu-
hammad Saadullah?, Muhammad Usman'; Mohsin Ali' and Ghulam Qadir’

lDepartment of Animal Nutrition, Faculty of Animal Production and Technology, University of Veterinary and Animal Scienc-
es, Lahore, 54000, Pakistan; ZDepartment of Livestock Management, Faculty of Animal Production and Technology, University
of Veterinary and Animal Sciences, Lahore, 54000, Pakistan.

Abstract | The research was conducted to study the effect of Cysteamine Hydrochloride (CSH) Supplementation
on nutrients digestibility in Beetal bucks. The CSH is a feed additive that increases the baseline growth
hormone level by decreasing the somatostatin level. A total of Twenty-four Beetal bucks, aged 12+1 months,
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randomized design under 2x2 factorial arrangements. There were two roughage levels with concentrates
(80% and 20%) and two dietary levels of CSH (0 and 80 mg/kg/head/day). Digestibility of dry matter (DM),
crude protein (CP), and ether extract (EE) were calculated using total tract digestibility. Results indicated that
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2.87%, ether extract (EE) by 5.98% and NDF by 5.65% in bucks fed a high concentrated diet, compared to
those fed non-supplemented diets. It was concluded that CSH supplementation with roughage: concentrates
(20:80) resulted in increased digestibility of CP, EE and NDF which can improve the growth performance,
reduce nutrients loss and decrease the production cost in Beetal bucks.
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Introduction

Nutritional and genetic improvement are used to
increase the efficiency of feed and turn it into
valuable animal products while minimizing nutrients
loss and greenhouse gases emissions in the environ-
ment (Velazco et al., 2014). Hormonal modification
through feed additives is one of the methods to im-

prove growth, nutrients uptake, and gain maximum
output from the animals. Direct injection of exoge-
nous hormones has been banned, whereas, indirect
enhancement of growth hormone (GH) levels via
certain regulatory mechanisms has become a research
focus.

According to existing research exogenous CSH quick-
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